INTRODUCTION Uncertainties in the calculated OH concentrations occur not
Synthetically producedhalocarbonsthatcontainchlorineand only with the kinetic model, but also with the global bromine, often called chlorofluorocarbons (CFCs) and halons, climatologies of the other trace gases and cloud cover needed pose a direct threat to the stratospheric ozone layer [e.g., as input to the photochemical model.
NASA/WMO, 1986; Watson et al., 1988] and also contribute
The OH fields used here were developed and applied to substantially to the greenhouse effect [Ramanathan, 1975 ; study methyl chloroform (CH3CC13) in a three-dimensional Lacis et al., 1981] . A single characteristic of CFCs and halons Chemical Transport Model (CTM). With the CTM, we that aggravates these environmental problems is their long specified sources, global transport and chemical losses of atmospheric lifetimes; most are destroyed only by ultraviolet CH3CC13 in order to simulate the latitudinal and seasonal sunlight in the stratosphere. As a result of these environmental concerns, there will soon be international restrictions on CFC growth as agreed upon in the Montreal Protocol, and there is now a search for alternative fluorocarbons, environmentally acceptable substitutes [WMO, 1990] . One key property of these alternative compounds must be a short atmospheric residence time, implying efficient loss in the troposphere or at the earth's surface. day average temperatures at each grid point are also stored. The local independent variables needed to derive OH concentrations are taken from the parent General Circulation where the mass element drn is proportional to the product of Model (5-day averages of pressure, temperature, water vapor, dx (longitude) by dy (latitude) by dp (pressure). Each factor and cloud cover; see Hansen et al. [1983] ) and from observed of the integrand varies nonlinearly over the domain, and thus climatologies (CO, 03, CH 4, NO x, H20 above 500 mbar, and the loss L will not be equal to the product of the averages, a stratospheric ozone column). The observational database for point made by Makide and Rowland, [1981] . It is misleading most of these species is insufficient to define the necessary to report a single "global average OH concentration (<OH>)" four-dimensional fields, and the model assumes zonally without qualifying it as to the averaging kernel (k f din). Values of <OH> calculated here assume a constant f and are integrated over the troposphere (dp from surface to 100 mbar); they are reported in Table 2 for a variety of integrating kernels. The effective "average" temperature (<T>) can be defined by L = <OH> k(<r>) I f dm
Many of the suggested alternative fluorocarbons contain hydrogen (hydrochlorofluorocarbons or
HCFCs
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and thus used to derive a lifetime, 1/<OH>k(<T>).
Using a rate coefficient of the form, k(T) = A exp(-B/T), the maximum value of <OH>, 111 x 104 cm -3, corresponds to the largest value of B, 2300 K, because the OH densities are maximal at high temperatures in the tropics (see Table 1 ). The volume-averaged OH density is smallest, 65 x 104 cm -3, because the large volumes of low density air in the upper troposphere have low OH concentrations. It is not possible at present to put a formal "one-sigma" accuracy on the OH fields used here, either from first principles, or from constraints using the methyl chloroform budget. The uncertainty in the integrated OH fields is estimated to be +25 %, and we choose to apply an uncertainty factor of 1.3 to the lifetimes for HCFCs in section 5.
SENSITIVITY OF HCFC LIFETIME TO GLOBAL DISTRIBUTION
We use the four-dimensional fields of OH and temperature to understand how to predict the lifetime of one species relative to another. Specifically, how can the lifetime of one species be scaled to another with a different spatial-temporal distribution and loss rate? Idealized tropospheric distributions are used to examine the sensitivity of HCFC lifetime to (1) the temperature dependence of their reaction rates with OH; (2) large interhemispheric gradients; (3) enhanced concentrations in the boundary layer near sources; and (4) seasonal cycles in concentration. Except where noted, X has a uniform mixing ratio throughout the troposphere and stratosphere, but no loss in the stratosphere. Table 4a . In Figure 1 we show the error associated with predicting the lifetime by scaling to a reference lifetime (9.42 yr at B = 1700 K) using an appropriate also include the shift in <OH> as a function of reaction rate one year's emissions averaged over the globe. At mid-(see Table 2 ). The optimal r$cal is 277 K, and the resulting latitudes higher concentrations will build up over the presumed errors are less than 2% over the range 800 K < B < 2300 K. continental sources. The sensitivity of HCFC lifetimes to their Use of a temperature 10 K warmer or colder yields errors of interhemispheric gradient will depend on hemispheric about 10% when scaling the reference case (B = 1700 K) to asymmetries in the OH fields (and temperatures in so far as greater (2300 K) or smaller (1000 K) activation energies. they affect the rate coefficients). The base case described above assumes a uniformly distributed tracer with OH reaction 4.2. Sensitivity to Interhemispheric Gradient rates appropriate for CH 4, and the perturbed cases include HCFCs released predominantly from industrialized countries doubling the abundance in either hemisphere uniformly.
in the northern mid-latitudes will establish a global distribution Results are shown in Table 4b . For a factor of 2 asymmetry similar to that for CFCs [Prather et al., 1987] . In the tropics in the HCFC distribution, the lifetime changes by only 1.5%. the absolute north-to-south difference will be equal to about One can derive that the effective OH loss is about 9% greater 
Sensitivity to Seasonal Cycles
Seasonal variations in the concentrations of a gas should be included when calculating the OH losses. In most cases the seasonal cycle is driven by the corresponding variations in OH, and, thus, the lowest concentrations of the trace gas occur slightly after the greatest OH levels (i.e., late summer). This anticorrelation of OH and trace gas increases the lifetime of the gas relative to that calculated with a fixed concentration. As shown in Table 4d , this effect is negligible (<0.2%) for a gas like CH 4 with a lifetime of about 9 yr and an observed seasonal amplitude of +1.5%. Since large seasonal variations occur only in short-lived species, we would not expect the seasonal amplitude for an HCFC to exceed +10% (corresponding to a 1% increase in lifetime) unless the lifetime were very short, less than 1.5 yr. The seasonal effect is so small because the majority of OH loss occurs in the tropics, as noted above, where OH concentrations do not vary significantly with season.
In summary, a short-lived HCFC with a lifetime of about 0.5 yr might be expected to have a seasonal amplitude of about 25% (lifetime correction: +2.5%), a north:south interhemispheric ratio of 2:1 (lifetime correction: -1.5%), and a boundary layer enhancement north of 30øN over land of 100% (lifetime correction: -1%). The sum of these corrections tends to cancel, or be very small, and thus the lifetime predicted from a uniform distribution should be an accurate evaluation of the true lifetime to within 10%.
SUMMARY OF HCFC LIFETIMES
The lifetimes for HCFCs and other hydrohalocarbons are reported in Table 5 . These lifetimes are calculated directly 
